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Transient aplastic crisis and pure red cell aplasia are two kinds of anemic hemogram 17 respectively in acute phase and chronic B19 infection, especially occur in individuals with a 18 shortened red cell survival or immunocompromised patients. In addition, B19 infected pregnant 19 women may suffer risks of hydrops fetalis secondary to severe anemia and fetal loss. B19 20 possesses high affinity to bone marrow and fetal liver due to its extremely restricted cytotoxicity 21 to erythroid progenitor cells mediated by viral proteins. The nonstructural protein NS1 is 22 considered to be the major pathogenic factor, which takes parts in differentiational inhibition and 23 apoptosis of erythroid progenitor cells through inducing viral DNA damage responses and cell 24 cycle arrest. The time phase property of NS1 activity during DNA replication and conformity to 25 transient change of hemogram are suggestive of its role in regulating differentiation of 26 hematopoietic cells, which is not completely understood. 27 59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80 but specifically express α5β1 integrins which permit β1 integrin-mediated entry of parvovirus 139 B19 [24] . Moreover, Ku80 was identified in vitro nonerythroid cells to functions as a coreceptor 140 for B19 infection together with P antigen and α5β1 integrins, which takes part in B19 binding and 141 subsequent entry. Although originally known as a nuclear protein, Ku80 was found to have a high 142 expression on the surface of erythroid progenitor cells expressing glycophorin A as well as on the 143 surface of immune cells such as CD20 + , CD3 + , or CD14 + cells in bone marrow, which may 144 explain the pathologic immunity in autoimmune diseases related to B19 infection [25] . Thus, B19 145 virion accomplishes its internalization inside EPCs through interaction with P antigen in the aid of 146 α5β1 integrins and Ku80, and initiates its replication after entering the nucleus. Differential 147 inhibition processes and apoptotic signals activated by massive replication of B19 eventually lead 148 to cytolysis of EPCs and release of virions into the blood, which is consist with the transient 149 high-titer viremia in the acute phase. Destruction of large amount of EPCs significantly influences 150 the erythropoiesis and life span of red blood cells, which brings about acute hemolysis ( Figure 1) . 151
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B19 structure 154
The B19 virion has a linear ssDNA genome of 5 to 6 kb, and a nonenveloped, icosahedral 155 5 5 protein shell of ~280Å in diameter, known to be the smallest DNA virus so far [26, 27] . The 5,596 156 nucleotides(nt) long genome is made up of an internal coding sequence flanked on both sides by 157 identical inverted terminal repeats (ITRs) [1] . These palindromes can acquire a hairpin 158 configuration and serve as primers for complementary strand synthesis, while the central region 159 genome encodes the 5 kinds of proteins of B19 virion [28] . The two structural proteins, VP1 and 160 VP2, account for 4% and 96% capsid proteins to form the icosahedral protein shell, 161
respectively [3] . The region of them shows a greater sequence variation in contrast to the large 162 nonstructural protein(NS1) region that is highly conserved, which implies their function in host 163 antivirus responses [28] . Expressions of the other two small nonstructural proteins of 11 kDa and 164 7.5 kDa were also documented [29, 30] , the former one was suggested as a potent inducer of 165 apoptosis via enhancing viral DNA replication and virion release [31, 32] , while the function of 166 7.5 kDa protein is inconclusive. 167
Roles of nonstructural protein 1 in B19 infection 168
The large nonstructural protein NS1, located predominantly to the nucleus, is the major 169 pathogenic factor in B19 infection [33] . NS1 gene (616-2631bp) encodes its protein of 672 amino 170 acids with a molecular mass of ~78kDa, which is of critical importance in both early virus DNA 171 replication and transcription in B19 infected human erythroid progenitor cells [1] . NS1 has a 172 N-terminal DNA-binding/nickase domain, a central domain displaying sequence motifs for 173 helicase/ATPase, and a putative transactivation domain (TAD) at the C-terminus [34] . Researches 174 implied that, with the help of the transcription factors Sp1/Sp3, NS1 N-terminal nuclease domain 175 specifically binds to the origin of replication in the virus DNA, including the NS1 binding 176 elements(NSBEs) and the overlapping P6 promoter DNA sequence, and the interaction between 177 NS1 and virus DNA mediates the cleavage of DNA at the ITRs by melting the hairpinned ITRs to 178 create a new 3'-OH and permit the following DNA synthesis [35] [36] [37] . Regulation of gene 179 transcription of B19 NS1 is not confined to its own viral promoter, p6, it has also been identified 180 in the transactivation of several host promoters, like tumor necrosis factor alpha (TNF-α), 181 interleukin-6 (IL-6), and p21, which may explain the pathogenesis of B19-associated 182 inflammation and apoptosis [38] [39] [40] . to apoptosis, in which 11kDa protein may play a more efficient part [1, 31, 46] . 209
In addition, the roles of NS1 in modulation of inflammatory signaling by activation of 210 STAT3/PIAS3 and NLRP3, in inhibition of Na+/H+ exchanger activity, and in exacerbation of 211 liver injury were also been documented [51-54], which may partly explain the pathogenesis of 212 multiple B19-associated diseases ( Figure 2) . It has been identified that B19 could inhibit the differentiation of erythroid lineage cells both 320 in vivo and vitro mediated by its major pathogenic factor NS1 [1, 17] . The Notch signaling 321 pathway also plays an essential part in hemopoiesis through regulating its downstream genes like 322 
